1. Introduction
===============

Orthotopic liver transplantation (OLT) has had a great impact on patients with end-stage liver disease since the National Institutes of Health' Consensus Development Conference in June 1983^\[[@R1]\]^ and it has also been the most effective treatment for patients with acute liver failure related to virus infection or other etiologies.^\[[@R2]\]^ In patients with HCC, it is the treatment of choice with better disease-free survival compared to other treatments such as hepatectomy and radiofrequency ablation (RFA).^\[[@R3]\]^ Owing to the experience of the surgeon, improvement of perioperative patient care, and the development of better immunosuppression agents, the unadjusted 5-year survival after liver transplantation improved to 72% to 77%.^\[[@R4]\]^ However, complications such as recurrent malignancies or de novo malignancies develop as the long-term survival improves^\[[@R5]\]^ and they become the leading cause of late mortality in patients with functioning grafts after transplantation.^\[[@R6]\]^ Several mechanisms have been proposed to explain the development of malignancies after liver transplantation. The effects of immunosuppression play major roles in the development of de novo malignancies. Immunosuppressive agents exert their effects through the pro-oncogenic calcineurin inhibitors (CNIs), azathioprine and antilymphocyte agents, and decreased tumor suppression owing to the inhibition of natural killer cells and T cells.^\[[@R7]--[@R10]\]^

The incidence of de novo malignancies after OLT reached 2.3% to 25%, which is 2 to 3 times the incidence of malignancies in the general population.^\[[@R11]--[@R20]\]^ The incidence of de novo malignancies depends on the length of follow-up, and the most frequently reported malignancies include post-transplant lymphoproliferative disorder (PTLD), skin cancer, Karposi sarcoma, and different kinds of solid organ malignancies.^\[[@R6],[@R13],[@R16],[@R21]--[@R24]\]^ The real mechanism behind the development of de novo malignancies is still unclear; however, the contributing risk factors include immunosuppression, viral infection, longer survival time, carcinogen exposure such as sunlight, smoking, oncogenic factors transferred from donor, age, and sex. The type of de novo malignancy also depends on the demographics of the transplanted population as well as the different risk factors contributing to the population.^\[[@R6],[@R25],[@R26]\]^ As previously reported, de novo malignancy is a major cause of late mortality in patients undergoing liver transplantation,^\[[@R6]\]^, with a mortality rate of 0.6% to \>70%.^\[[@R5],[@R27],[@R28]\]^ Chronically immunocompromised patients would exhibit a rapid progression of the de novo malignancy after detection; therefore, the early evaluation and treatment of suspicious lesions in high-risk patients were suggested to achieve a better treatment effect.^\[[@R6]\]^

To our knowledge, most studies focusing on the development of de novo malignancies after liver transplantation have been conducted in the European and North American population; therefore, the demographics and risk factors might differ from those of different ethnicities. The effective quantities of immunosuppressive agents also differ between the Western and Eastern physicians. The studies published on the development of de novo malignancies after kidney transplantation showed that the types of malignancies reported in the Asian population differed from those reported in the European and American populations.^\[[@R29]\]^ The patterns of de novo malignancies and the long-term survival after their diagnosis are among our research interests. Therefore, we reviewed the post-liver transplantation patients at our institution for surveillance of the incidence, patterns, and risk factors associated with de novo malignancies after OLT.

2. Patients and methods
=======================

We retrospectively reviewed all of the patients who underwent OLT between January 2004 and December 2014 at the Chang Gung Memorial Hospital Linkou. All patients who survived \>3 months after OLT were enrolled and they were followed-up until March 2015. The demographic data were retrospectively collected from the medical records and included the age, sex, type of hepatitis, status of liver cirrhosis, indication for liver transplantation, types of OLT, types of de novo malignancies, time elapsed from liver transplantation to the diagnosis of de novo malignancies, treatment of de novo malignancies, and the survival time after the diagnosis of de novo malignancies. All patients were followed-up monthly at the outpatient department of our institution. A routine liver function test was performed and the trough levels of immunosuppressive agents were checked during the follow-up. De novo malignancies were diagnosed based on the results of the histopathological analyses of solid tumor biopsy specimens and the examination of blood smears for the detection of hematological disease. Patients with special risk factors were referred to the relevant department for regular screening. Ethical approval was obtained from the committee of ethics in biomedical research of Chang Gung Memorial Hospital and all experiments were conducted in accordance with the ethical guidelines of the 1975 Declaration of Helsinki.

2.1. Immunosuppression
----------------------

The immunosuppressive agents used at our institution were tacrolimus combined with methylprednisolone and mycophenolate mofetil (MMF). We initially maintained the serum level of tacrolimus at 5 to 10 ng/mL during the first 2 months and reduced it to \<5 ng/mL after the first year of liver transplantation. The methylprednisolone was administered intravenously at the ICU for 2 weeks as post-liver transfusion according to the following schedule: day 1, 50 mg; days 2 to 3, 40 mg; days 4 to 6, 30 mg, and days 7 to 14, 20 mg in 2 divided doses. Subsequently, the patients received 15 mg/day of oral corticosteroids in the first month, which was reduced to 2.5 mg/day by the end of 3rd month. Unless the patient developed tacrolimus toxicity or rejection, 1 mg of MMF was administered in 2 divided doses for 3 months. We continued MMF administration until 1 year after the liver transplantation.

2.2. Statistical analysis
-------------------------

Different groups were compared using the Student *t* test for continuous variables and the Pearson *χ*^2^ test for the categorical variables. A *P* value \<0.05 was considered statistically significant. The risk factors were identified by univariate and multivariate analyses of the data using the Cox regression model. All statistical analyses were performed using the IBM SPSS software version 22.0 (SPSS Inc., Chicago, IL).

3. Results
==========

In total, 484 patients who survived \>3 months after liver transplantation at our institution were enrolled. The mean age was 52.5 [±]{.ul} 9.5 years and the patients were predominantly men. Most patients had hepatitis B or hepatitis C infection before transplantation. In total, 17 de novo malignancies were diagnosed in 16 patients with an overall incidence of 3.3%. Table [1](#T1){ref-type="table"} shows the characteristics of patients who underwent liver transplantation.

###### 

Clinical characteristics of patients.

![](medi-95-e4901-g001)

Among the 17 de novo malignancies, 7 types of malignancies were identified. HNC was the most common diagnosis, followed by PTLD, lung cancer, thyroid cancer, breast cancer, and Bowen disease with 1 case for each cancer, and 1 patient was diagnosed with esophageal cancer after the treatment of tongue cancer. Most patients underwent operation, radiotherapy, chemotherapy, or concurrent chemoradiotherapy after diagnosis. The median follow-up period was 43.3 (3.2--131.2) months, and none of the patients died during the follow-up. The demographic data and clinical features of the patients are shown in Table [2](#T2){ref-type="table"}.

###### 

Demographics and clinical features of patients with de novo malignancy.
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Alcohol, smoking, and betel quid chewing were significant risk factors identified by univariate analysis. The result is shown in Table [3](#T3){ref-type="table"}. However, multivariate analysis identified only betel quid chewing as a significant risk factor for the development of de novo malignancies. The result is shown in Table [4](#T4){ref-type="table"}. The overall survival of patients with de novo malignancies in the present study was better and the rate of late mortality was lower than those reported previously.

###### 

Univariant analysis of risk factors.
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###### 

Multivariate analysis of risk factors of de novo malignancy.
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4. Discussion
=============

OLT for end-stage liver disease was performed for the first time in 1983^\[[@R1]\]^ and graft rejection decreased dramatically after the introduction of immunosuppressive agents.^\[[@R30]\]^ The 1- and 5-year acceptable survival rates after liver transplantation are 90% and 70%, respectively, worldwide.^\[[@R4],[@R18]\]^ However, improved survival and the long-term use of immunosuppressive agents also contribute to the development of de novo malignancies with reported incidence rates of 2.3% to 25%^\[[@R11]--[@R14],[@R16],[@R17],[@R19]\]^ from various registry databases^\[[@R11]--[@R20]\]^ and de novo malignancies are the major causes of late mortality among these patients.^\[[@R6]\]^ The incidence of de novo malignancies in the present study was 3.3%, which is lower than the previously reported, with a median follow-up duration of 43.3 months. The incidence of de novo malignancies differs between studies, and the possible explanations for this variation include the sample size of the population, follow-up duration, genetic background that may predispose the population to the development of malignancies, and the exposure to immunosuppressive agents. Notably, a higher incidence rate of de novo malignancies was reported in the Western countries compared to the Eastern countries with incidence rates of 2.3% to 3.2%.^\[[@R17],[@R19]\]^ The patient population at our institution appear to have lower incidence of de novo malignancies after liver transplantation than the patients in the literature databases. Although immunosuppression can be critical in preventing the rejection of graft and maintaining its function as well as in the long-term survival of patients, it also plays a major role in the development of de novo malignancies through its pro-oncogenic effects and decreased tumor suppression owing to the inhibition of natural killer cells and T cells.^\[[@R7]--[@R10]\]^ Advances in immunosuppression could help both in the maintenance of lower drug levels and the prevention of graft failure. As we reported in 2014, following the immunosuppression protocol at our institution, the trough level of tacrolimus decreased to 4.00 ± 1.63 ng/mL after 9 months of follow-up in our patients after stabilized liver function post-liver transplantation.^\[[@R31]\]^ Immunosuppressive agents play major roles in the development of de novo malignancies through the suppression of the immune system against cancer and viral infection.^\[[@R9]\]^ Prevention of tacrolimus overexposure was suggested after liver transplantation^\[[@R10]\]^ to reduce the recurrence of HCC.^\[[@R32],[@R33]\]^ The low level of tacrolimus in our patients after their conditions were stabilized might explain the relatively low incidence of de novo malignancies in our patient population.

The reported risk factors for the development of de novo malignancies vary depending on the type of malignancy. PTLD is the most common de novo malignancy, and the risk factors for the development of this malignancy include infection with the Epstein--Barr virus, more immunosuppressive agents, and exposure to OKT3.^\[[@R34]--[@R36]\]^ Solid organ malignancies develop more commonly in the first post-transplant year and the risk for developing solid organ malignancies is 2 to 3 times higher in patients who undergo liver transplantation. The risk factors for the development of de novo solid organ malignancies include the age, solar ultraviolet exposure, alcohol, smoking, underlying liver disease, and viral infection (Human herpesvirus type 18, Epstein--Barr virus, hepatitis B, and hepatitis C).^\[[@R37]--[@R39]\]^ The most common solid organ malignancy is the skin cancer, followed by colorectal cancer and lung cancer.^\[[@R25]\]^ Patients who undergo liver transplantation receive pre-transplantation screening and assessment to exclude pre-existing malignancies; however, they still have high risk of developing de novo malignancies after transplantation. Other than preventing exposure to known risk factors, regular screening and reassessment are imperative for the early detection and treatment of de novo malignancies.^\[[@R27]\]^

Eleven of 16 patients (68.7%) in the present study developed HNC, which significantly differed from the previously reported incidence rate for this type of malignancy. According to a large retrospective review, the incidence of HNC is 0.1% to 2%^\[[@R40],[@R41]\]^ and the risk factors for the development of HNC include alcohol consumption and smoking.^\[[@R41],[@R42]\]^ Among the populations with unique betel quid chewing habits, the incidence of HNC in the Taiwanese population is 2 times as high compared to the other populations (9% vs. 2% to 4%, respectively).^\[[@R43],[@R44]\]^ HNC is one of the 10 leading causes of cancer-related deaths in Taiwan and its incidence increased between the years 1982 and 2003 according to the official registry database.^\[[@R45]\]^ The mortality rate for patients with HNC has still been high in the last 2 decades and the survival rate was best determined by the tumor stage.^\[[@R45]\]^ Betel quid chewing is a special risk factor for the development of HNC in Taiwan, and has been observed in approximately 85% of the patients with HNC.^\[[@R46]\]^ Betel quid chewing, alcohol consumption, and smoking are well-documented risk factors for HNC,^\[[@R47],[@R48]\]^ and the International Agency for Research on Cancer declares betel quid alone as a Group 1 carcinogen that contributes to the development of HNC^\[[@R49]\]^. In Taiwan, betel quid chewing is widespread with an estimated number of 2 million habitual users (10% of the population). In patients enrolled in the present study, univariate analysis identified smoking, alcohol consumption, and betel quid chewing as risk factors for HNC, which is consistent with the results of previous studies. In one report from the Taiwanese database, a 123-fold increased risk for oral cancer was noted when the 3 risk factors were present.^\[[@R50]\]^ However, multivariate risk factor analysis identified betel quid chewing as the only independent risk factor for the development of HNC. This could explain the high incidence of HNC among the liver transplant patients enrolled in the present study. Owing to the small sample size, the other 2 risk factors, smoking and alcohol consumption, might have been masked by the high risk conferred by betel quid chewing and might have become insignificant in the multivariate analysis.

In any case, betel quid chewing is a unique risk factor among patients with HNC in the Taiwanese population. In Taiwan, the betel quid includes the fresh, unripe betel fruit with slaked lime as an essential ingredient, whereas in South-East Asia, the betel fruit is mature.^\[[@R51],[@R52]\]^ In Taiwan, the betel quid is prepared by placing the fresh unripe betel fruit into the betel leaf with red slaked lime. Tobacco chewing is rare among the Taiwanese population; however, those who chew the betel quid commonly have the habit of smoking.^\[[@R53]\]^ Tobacco and betel quid might synergistically act as carcinogens and a case--control study showed that betel quid chewing and smoking increased the risk of oral cancer 28 and 18 times, respectively, whereas the cumulative effect of betel quid chewing, smoking, and alcohol consumption resulted in a 123-fold increase in the risk of oral cancer.^\[[@R50]\]^ The major risk factor reported in the literature is alcohol consumption,^\[[@R54]\]^ and patients with alcoholic cirrhosis have a 25.5 times higher risk of developing oropharyngeal cancer.^\[[@R55]\]^ Betel quid chewing is a unique risk factor for the Taiwanese population and patients who habitually chew betel quid receive regular surveillance before and after liver transplantation, which helps in the early diagnosis of de novo malignancies.

In Taiwan, the incidence and mortality among patients with HNC have increased in the last 2 decades, and the patients with HNC have the lowest 5-year survival rates among those with other common malignancies.^\[[@R45],[@R56]\]^ It is the sixth most common malignancy in Taiwan according to the data of Cancer Registry Annual Report of Taiwan, Health and National Health Insurance Annual Statistics Information Service, Department of Health, Executive Yuan, and ROC Taiwan (<http://www.doh.gov.tw/statistic/index.htm>). The most important issue affecting the survival of patients with HNC is the cancer stage at diagnosis, which is determined according to the tumor size, lymph node involvement, distant metastasis, and tumor differentiation status.^\[[@R46]\]^ The overall survival for patients with de novo malignancies in the present study was better than the overall survival reported by previous studies.^\[[@R45]\]^ Regular follow-up after OLT allowed early diagnosis and aggressive treatment after diagnosis resulted in good survival among the patients enrolled in the present study. A previous study suggested that regular surveillance, early detection of de novo malignancies, and aggressive treatment could improve the survival outcomes, which would otherwise place de novo malignancies among the leading causes of late mortality in patients who undergo liver transplantation.^\[[@R6]\]^ The excellent outcome achieved in the present study should be attributed not only to the regular survey and aggressive treatment but also to the relatively short follow-up period after treatment. In the previous studies, preoperative surveillance for HNC in patients with alcoholic liver cirrhosis revealed only 0.17% positive findings and it was not cost-effective.^\[[@R57]\]^ However, in the Taiwanese population, betel quid chewing presents as a unique risk factor, which might be more effective than alcohol consumption. Therefore, intensive preoperative surveillance for the early detection of precancerous lesions to prevent further oncological changes owing to the administration of immunosuppressive agents should be beneficial in our population. The Health Promotion Administration of the Ministry of Health and Welfare in Taiwan provides free of charge mucosal examination for 2 years in the population with habitual smoking or betel quid chewing. The visual screening protocol conducted in Taiwan revealed 98.9% sensitivity and 98.7% specificity for people with tobacco use, alcohol consumption, and betel quid chewing.^\[[@R58]\]^ To improve the long-term survival outcomes for patients with HNC and other de novo malignancies, the importance of early detection and optimal treatment should be emphasized.

Therefore, we suggest intensive surveillance by an otolaryngologist after liver transplantation and the avoidance of tobacco use, alcohol consumption, and betel quid chewing.

5. Conclusion
=============

In summary, HNC was the most common de novo malignancy after OLT in the present study, which is different from the reports of previous studies. Betel quid chewing was identified as an independent risk factor of HNC among our patients. Routine screening of oral mucosa and aggressive treatment of HNC in patients who underwent OLT improved the overall survival.
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